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1
TRAFFIC MANAGEMENT IN A
MULTI-CHANNEL SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/028,717, filed on Feb. 16, 2011, which
claims the benefit of U.S. Provisional Application No.
61/305,066, filed Feb. 16, 2010, both of which are incorpo-
rated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention is generally related to traffic management
in a downstream line card.

2. Background Art

In a Data Over Cable Service Interface Specification
(DOCSIS) system, a Cable Modem Termination System
(CMTS) transmits downstream network traffic to a cable
modem using the DOCSIS protocol over one or more
Quadrature Amplitude Modulated (QAM) channels. In the
simplest case, downstream data is transmitted over a single
channel to the cable modem thereby limiting the bandwidth
to the maximum rate supported by the single channel. The
downstream bandwidth can be increased by using multiple
channels for a data flow which is referred to as “channel
bonding.” A set of channels used for channel bonding may
be referred to as a “bonded channel group.” The maximum
possible rate for a bonded channel group is the sum of the
maximum rates of the channels that comprise the group.
Furthermore multiple bonded channel groups can exist in a
single DOCSIS system.

Channel bonding adds complexity to the scheduling of
downstream network traffic entering a CMTS. In systems
without channel bonding, each data flow is associated with
a single channel. Each channel can have multiple data flows
associated with it. The traffic from the associated data flows
is simply shaped to the maximum rate supported by the
channel. However, with the introduction of channel bonding,
a data flow is either associated with a single channel or to
one of the bonding channel groups. Since each channel may
correspond to one or more bonded channel groups as well as
being a standalone channel, simply rate-shaping each chan-
nel and bonded channel group to its maximum possible rate
may result in an oversubscription scenario where packets are
dropped.

Methods, systems and computer program products are
needed to overcome the above mentioned deficiencies.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 illustrates an example communication system
according to an embodiment of the invention.

FIG. 2 further illustrates the communication system
according to an embodiment of the invention.

FIG. 3 further illustrates downstream line card according
to an embodiment of the invention.
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FIG. 4 further illustrates downstream line card according
to an embodiment of the invention.

FIG. 5 illustrates an example flowchart showing steps
performed by downstream line card according to an embodi-
ment of the invention.

FIG. 6 illustrates an example flowchart showing steps
performed by a Media Access Control (MAC) unit accord-
ing to an embodiment of the invention.

FIG. 7 illustrates an example flowchart illustrating steps
performed by a traffic manager according to an embodiment
of the invention.

The present invention will now be described with refer-
ence to the accompanying drawings. In the drawings, like
reference numbers may indicate identical or functionally
similar elements. Additionally, the left-most digit(s) of a
reference number may identify the drawing in which the
reference number first appears.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 illustrates an example communication system 100
according to an embodiment of the invention. Communica-
tion system 100 includes a cable modem termination system
(CMTS) 104 coupled to a network 102. CMTS 104 is
coupled to cable modems 108a-# via network 106. Network
102 may be, for example, the Internet. Network 106 may be,
for example, a Hybrid Fiber Coaxial (HFC) network. Net-
work 102 and network 106 may be wired or wireless
networks. It is to be appreciated that the type of network for
networks 102 and 106 may be arbitrary. Cable modem
termination system 104 may communicate with cable
modems 108a-z using the DOCSIS protocol. Data transmit-
ted by CMTS 104 to cable modems 108a-# is referred to as
a “downstream” transmission. Data received from cable
modems 108a-n is referred to as an “upstream” transmis-
sion. CMTS 104 and cable modems 108 may support
channel bonding. In channel bonding, data is transmitted
downstream to a cable modem 108 on multiple channels that
are part of a bonded channel group. CMTS 104 schedules
downstream transmissions to cable modems 108. Schedul-
ing and rate-shaping downstream transmissions to cable
modems 108 that support channel bonding presents chal-
lenges as described below.

FIG. 2 further illustrates communication system 100
according to an embodiment of the invention.

CMTS 104 includes a downstream line card 200. Down-
stream line card 200 includes bonded channel queues 202
and channel queues 204. Bonded channel queues 202 trans-
mit data on bonded channel groups that include multiple
channels. For example, bonded channel queue 2024 trans-
mits data on channels 1 and 2 that are part of a first bonded
channel group. Bonded channel queue 2025 transmits data
on channels 1, 2 and 3 that are part of a second bonded
channel group. Channel queues 204 can transmit data on a
single channel that they are associated with. For example,
channel queue 204qa transmits data on channel 1, channel
queue 2045 transmits data on channel 2 and channel queue
204¢ transmits data on channel 3. Each of the bonded
channel queues 202 and channel queues 204 receive data
from flows that may originate over network 102.

In the example in FIG. 2, flow 1 and flow 5 are associated
with bonded channel queue 202a. Bonded channel queue
202a corresponds to a bonded channel group that transmits
data on channel 1 and channel 2. Since bonded channel
queue 202¢ transmits data on channels 1 and 2, data from
flows 1 and 5 are transmitted on channels 1 and 2. Flows 2,
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4, and 7 are associated with bonded channel queue 2025.
Bonded channel 2025 transmits data over a bonded channel
group that includes channels 1, 2 and 3 and therefore data
from flows 2, 4 and 7 is transmitted on channels 1, 2 and 3.
Flow 3 is associated with channel queue 204q that also
transmits data on channel 1. Flows 8 and flow 6 correspond
to channel queue 2044 that transmits data on channel 2.
Flows 10, 12 and 15 correspond to channel queue 204c¢ that
transmits data on channel 3.

In the example in FIG. 2, channel 1 is utilized by bonded
channel queue 2024, bonded channel queue 2025 and chan-
nel queue 204a. Channel 2 is utilized by bonded channel
queue 2024, bonded channel queue 2025 and channel queue
2. Channel 3 is utilized by bonded channel queue 2026 and
channel queue 3.

Each of channels 1, 2 and 3 may have a maximum data
transmit rate of 50 megabits per second (mbps). In a legacy
system, where only a single channel queue corresponds to a
single channel, the traffic for each channel would rate-
shaped to 50 Mbps. With the addition of the bonding queues
202a and 202b, each channel has to support a higher
transmit data rate. Bonding queue 2024 transmits on the first
bonded channel group that has channels 1 and 2 resulting in
a maximum bandwidth of 2x50 mbps, or 100 mbps. So the
traffic being sent to the first bonded channel group is
rate-shaped to 100 mbps. However, in conventional systems,
channel queues 204 and bonded channel queues 202 are not
aware of each other’s bandwidth requirements. Now let’s
say that traffic from flows 1 and 5 that correspond to bonded
channel queue 202a reaches 100 mbps. The combined
channels 1 and 2 have enough capacity to support bonded
channel queue 202q since channels 1 and 2 combined can
support 100 mbps which is their maximum capacity. How-
ever, channels 1 and 2 have no more bandwidth available to
support traffic from channel queues 2044 and 2045. So let’s
say that 1 mbps of traffic is received from flow 3 that targets
channel queue 204a. In this example, downstream line card
200 will be unable to support the 1 mpbs traffic resulting in
an oversubscription of channel 1. As a result, packets
corresponding to channel 1 will back up and eventually be
dropped.

The above example of oversubscription gets more com-
plex with the addition of overlapping bonding groups. For
example, the second bonded channel group used by bonded
channel queue 2024 that uses channels 1, 2 and 3 would be
rate-shaped to 150 mbps. So now, channel 2 is used by three
rate-shapers for each of channel queue 2045, bonded chan-
nel queue 2024, and bonded channel queue 2025. As in the
example above, channel 2 can be oversubscribed by the
three individual rate shapers. Similarly, channel 3 which is
utilized by bonded channel 2025 and channel queue 204c¢
may also be oversubscribed in conventional systems. In a
conventional system, each of channels 1, 2 and 3 will be rate
shaped to their maximum level without taking into account
the number of flows that are being transmitted per channel,
the number of channel queues and the bonded channel
queues that are serviced per channel. In addition to channel
and bonded channel group rates, individual data flows 1-15
may also have constraints. These constraints can include
parameters, including but not limited to, maximum data rate,
guaranteed minimum rate, flow priority, multicast, etc. Pri-
oritizing data from multiple flows having diverse constraints
for bonded channels may also not be supported by conven-
tional systems. The embodiments presented herein provide a
solution to the scheduling and rate shaping of multiple flows
and multiple bonded channel groups.
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Downstream Line Card Architecture

FIG. 3 illustrates a downstream line card 200 according to
an embodiment of the invention. Downstream line card 200
includes a traffic manager 208 that is coupled to a plurality
of MAC units 206. Traffic manager 208 may be coupled to
MAC units 206 using a 10 Gigabit Attachment Unit Inter-
face (XAUI) interface. MAC units 206a-d are coupled to
switch 210. Switch 210 is coupled to downstream Physical
(PHY) interface and to processor 214. Processor 214 is
coupled to traffic manager 208 and to memory 216. Proces-
sor 214 is coupled to perform the function described herein
based on instructions stored in memory 216. Processor 214
may be coupled to traffic manager 208 using a Peripheral
Component Interconnect Express (PCle) interface. Switch
210 communicates with network 102 and network 106. In an
example data from incoming flows, such as flows 1-15 in
FIG. 2, is received via switch 210. Data may be transmitted
downstream to cable modems 108a-» via switch 210 as well.

Each MAC unit 206 receives packets from switch 210.
MAC unit 206 classifies a packet to a flow based on a class
of service associated with the packet. MAC units 206
transmit the packets to traffic manager 208 for storage in
flow queues. MAC units 206 periodically receive packets
from traffic manager 208, store the packets and schedule
them for transmission via switch 210 to cable modems 108.
According to an embodiment, MAC units 206, based on
queue depths for bonded channel queues 202 and channel
queues 204, generate feedback signals to traffic manager 208
to increase or decrease a rate at which packets are transmit-
ted by traffic manager 208 to each MAC unit 206 as will be
described in further detail below. By controlling the rate at
which packets are received from traffic manager 208, MAC
units 206 rate shape each downstream channel and thereby
avoid oversubscription of channels.

Traffic manager 208 receives packets from MAC units
206 and buffers the packets in flow queues. According to an
embodiment of the invention, each flow is associated with a
dedicated flow queue. Traffic manager 208 transmits packets
from flow queues to MAC units 206 at a rate based on
feedback signals received from MAC units 206. In an
example, the feedback signal is sent by MAC units 206 via
switch 210 and processor 214. In another example, MAC
units 206 directly transmit the feedback signal to traffic
manager 208. MAC units 206 and traffic manager 208 are
described in further detail below.

FIG. 4 further illustrates downstream line card 200
according to an embodiment of the invention.

Each MAC unit 206 includes a classifier 210 and a
scheduler 212 coupled to channel queues 204 and bonded
channel queues 202. Traffic manager 208 includes flow
queues 218 coupled to channel nodes 220 and bonded
channel nodes 222. Each channel queue 204 transmits on a
single downstream channel and each bonded channel queue
202 transmits on multiple channels that are part of a bonded
channel group. In contrast, conventional systems do not
have separate channel queues 204 and separate bonded
channel queues 202 and are hence unable to rate shape data
on a per channel or bonded channel group basis. Further-
more, conventional systems do not have channel nodes or
bonded channel nodes corresponding to each channel queue
and bonded channel queue and are hence unable to rate-
shape data on a per channel queue or per bonded channel
queues basis leading to channel oversubscription.

Switch 210 receives packets from network 102 for down-
stream transmission to cable modems 108. Classifier 211
receives these packets from switch 210. Classifier 211
classifies a packet to a flow based on a class of service (CoS)
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and Quality of Service (QoS) parameters associated with the
packet. The parameters may be determined based on, for
example, the contents of the header of the packet, the
incoming port etc. The class of service may be, for example,
best effort service, unsolicited grant service (UGS) etc. The
classifier appends classification data to each packet that
indicates a flow that the packet is classified to. Each flow is
provisioned to a channel node 220 or bonded channel node
222 based on the class of service supported by the channel
node 220 or bonded channel node 222. The provisioning of
a flow to a channel node 220 or a bonded channel node 222
may be done either statically or dynamically during run time
by, for example, a cable operator. Classifier 211 stores
packets that are management packets directly in a channel
queue 204 or a bonded channel queue 202. Management
packets may be packets associated with administrative func-
tions such as, including but not limited to, DOCSIS MAP
messages. For packets that are not management packets,
classifier 211 transmits the packets to traffic manager 208.
Traffic manager 208 stores the packet received from classi-
fier 211 in one of flow queues 218.

Traffic manager 208 includes a flow queue 218 for each
flow serviced by downstream line card 200. For example,
each of flows 1-15 illustrated in FIG. 2 has its own dedicated
flow queue 218. In an embodiment, flow queues 218 are
hardware-based queues and are not software-based queues.
In another embodiment, flow queues 218 are software-based
queues. Hardware-based flow queues 218 are typically faster
than software-based queues. In an example, the packet
received from classifier 211 is stored external to downstream
line card 200 and only an identifier, such as an indirect
memory address that indicates the location of the packet in
the external memory, is stored in a flow queue 218. Storing
the packet external to line card 200 results in reduced
memory requirement on downstream line card 200.

According to an embodiment of the invention, each
channel node 220 is associated with a corresponding channel
queue 204 and each bonded channel node 222 is associated
with a corresponding bonded channel queue 202. For
example, channel node 220a is associated with channel
queue 204a and bonded channel node 2224 is associated
with bonded channel queue 202a. There is a single traffic
manager 208 for the multiple MAC units 206. According to
an embodiment of the invention, traffic manager 208 has a
set of channel nodes 220 and bonded channel nodes 222
corresponding to the channel queues 204 and bonded chan-
nel queues 202 for each MAC unit 206.

According to an embodiment of the invention, channel
nodes 202 and bonded channel nodes 222 rate-shape flows
for channels and bonded channel groups respectively. Each
channel node 220 transmits packets from flow queues 218 to
a corresponding channel queue 204 at a transmit rate that is
based on an associated feedback signal generated by sched-
uler 212. Similarly, each bonded channel node 222 transmits
packets from flow queues 218 to a corresponding bonded
channel queue 202 based on an associated feedback signal
generated by scheduler 212. Flow queues 218 are associated
with a channel node or a bonded channel node based on
provisioning by the cable modem termination system 104 on
start up. For example, if flows 1 and 5 correspond to bonded
channel queue 202a (see FIGS. 2 and 4), then the flow
queues 218 that store flows 1 and 5 will be associated with
corresponding bonded channel node 222a. If flows 2, 4 and
7 are associated with bonded channel queue 2025 (see FIGS.
2 and 4), then flow queues that store flows 2, 4 and 7 are
associated with bonded channel node 2224. Similarly, chan-
nel queue 204q is associated with flow 3 (see FIGS. 2 and
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4) and hence the flow queue 218 that stores flow 3 is
associated with channel node 220a.

Scheduler 212 is configured to monitor the queue depth of
channel queues 204 and bonded channel queues 202.
“Queue depth” as referred to herein is the percentage that a
queue is full. For example, a queue depth of 20% indicates
that the queue is full up to 20% of its full capacity.
Alternatively, queue depth may refer to the number of
packets stored in a queue. For example, a queue depth of 12
may indicate that the queue has 12 packets. In an embodi-
ment, scheduler 212 may use graduated thresholds. For
example, if the queue depth for a channel queue 204 or a
bonded channel queue increases past a first threshold, then
a corresponding feedback signal decreases a transmit rate
from the corresponding channel node 220 or bonded channel
node 222 by a first rate. If the queue depth for a channel
queue 204 or a bonded channel queue increases past a
second threshold, then a corresponding feedback signal
decreases a transmit rate from the corresponding channel
node 220 or bonded channel node 222 by a second rate
which is higher than the first rate. Similarly, a transmit rate
is gradually increased if the queue depth decreases below
one or more thresholds. If the queue depth is substantially
equal to the lowest threshold, then the transmit rate may be
maintained. It is to be appreciated that the number of
thresholds is a design choice and may be arbitrary. Further-
more, the thresholds and rates can be modified during startup
or dynamically during runtime using configuration files.

FIG. 5 illustrates an example flowchart 500 showing steps
performed by downstream line card 200 according to an
embodiment of the invention. Flowchart 500 will be
described with continued reference to the example operating
environment depicted in FIGS. 1-4. However, the flowchart
is not limited to this embodiment. Note that some steps
shown in flowchart 500 do not necessarily have to occur in
the order shown. The steps in flow chart 500 may be
performed by, for example, traffic manager 208 and MAC
units 206.

In step 502, packets are received. For example, classifier
211 receives packets from network 102 via switch 210.

In step 504, packets are classified. For example, classifier
211 classifies a packet to a flow based on a class of service
a packet is associated with. Based on the flow that the packet
is classified to, the packet is associated with a channel node
220 or a bonded channel node 222 that is provisioned for
that flow.

In step 506, packets are stored in flow queues. For
example, classifier 211 transmits the classified packets to
flow queues 218 for storage based on the flow that a packet
is associated with. If packets are management packets such
as DOCSIS MAP messages, then the management packets
are directly stored in channel queues 204 or bonded channel
queues 202.

In step 508, packets are transmitted to channel queues or
bonded channel queues at a rate based on a feedback signal.
For example, channel node 220 and bonded channel nodes
222 transmit packets to corresponding channel queues 204
and bonded channel queues 202 based on feedback signals
received from scheduler 212.

In step 510, transmission of packets from channel queues
and bonded channel queues are scheduled. For example,
scheduler 212 schedules downstream transmission of pack-
ets from channel queue 204 or bonded channel queues 202
down individual channels or down multiple channels that are
part of a bonded channel group.

FIG. 6 illustrates an example flowchart 600 showing steps
performed by a MAC unit 206 according to an embodiment
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of the invention. Flowchart 600 will be described with
continued reference to the example operating environment
depicted in FIGS. 1-4. However, the flowchart is not limited
to this embodiment. Note that some steps shown in flowchart
600 do not necessarily have to occur in the order shown. The
steps in flow chart 500 may be performed by, for example,
MAC units 206.

In step 602, packets are received. For example, packets
are received from network 102 via switch 210.

In step 604, packets are classified. For example, classifier
211 classifies a packet to a flow based on a class of service
the packet is associated with. Based on the flow that the
packet is classified to, the packet is associated with a channel
node 220 or a bonded channel node 222 that is provisioned
for that flow.

In step 606, it is determined whether a packet is a
management packet. For example, DOCSIS MAP messages
are determined to be management packets. If it is determined
that the packet is a management packet, then the process
proceeds to step 608. If it is determined, that the packet is not
a management packet, then the process proceeds to step 610.

In step 608, the management packet is stored in a channel
queue or a bonded channel queue. For example, the man-
agement packet is stored in a channel queue 204 or a bonded
channel queue 202.

In step 610, the packet is transmitted to a traffic manager
for storage and feedback signals are generated to control a
rate at which packets are received back from the traffic
manager. For example, the packet is transmitted to a traffic
manager 208 and stored in a flow queue 218 and feedback
signals generated by scheduler 212 are sent to the traffic
manager 208 to control a rate at which packets are received
back from the traffic manager 208. The flow queue 218 in
which the packet is stored is determined based on the flow
that the packet is associated with.

In step 612, packets are received in MAC unit queues
from the traffic manager and are scheduled for transmission.
For example, scheduler 212 retrieves packets from channel
queues 204 or bonded channel queues 202 and transmits the
packets down a single downstream channel or down mul-
tiple downstream channels of a bonded channel group based
on whether the packet is retrieved from a channel queue 204
or a bonded channel queue 202 respectively.

In step 614, queue depth is evaluated for each channel
queue and each bonded channel queue. For example, queue
depth for each channel queue 204 and each bonded channel
queue 202 is evaluated.

If it is determined that the queue depth exceeds one or
more thresholds, then the process proceeds to step 618. If it
is determined that queue depth is less than one or more
thresholds then the process proceeds to step 616. If it is
determined that the queue depth is equal to one or more
thresholds then the process proceeds to step 620.

In step 618, a feedback signal is generated to lower the
incoming packet rate, based on the threshold(s) crossed. For
example, if the queue depth for a channel queue 204 is above
a threshold then the feedback signal may indicate to the
corresponding channel node 220 to lower the rate at which
a channel node 220 or a bonded channel node 222 is sending
packets to a corresponding channel queue 204 or a bonded
channel queue.

In step 616, a feedback signal is generated to increase the
incoming packet rate, based on the threshold(s) crossed. For
example, if the queue depth for a channel queue 204 is below
a threshold then the feedback signal may indicate to the
corresponding channel node 220 or a bonded channel node
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222 to increase the rate at which it is sending packets to a
corresponding channel queue 204 or a bonded channel
queue 202.

In step 620, a feedback signal is generated to maintain the
incoming packet rate, if the incoming packet rate is equal to
a threshold. For example, if the queue depth for a channel
queue 204 is substantially equal to a threshold then the
feedback signal may indicate to a channel node 220 or a
bonded channel node 222 to maintain the rate at which it is
sending packets to a corresponding channel queue 204 or a
bonded channel queue 202.

The queue depth for queues is based on the rate at which
packets can be transmitted downstream by scheduler 212. In
an example, the packet rate is increased or decreased gradu-
ally based on multiple threshold levels for the queue depth.
If the queue depth crosses more than one threshold, then the
transmit rate is gradually decreased further. For example, if
a queue depth for a bonded channel queue 202 is past a first
threshold of, for example 5 packets, then the rate at which
packets are transmitted by a corresponding bonded channel
node 222 may be decreased by 2 packets/second. If the
queue depth for a bonded channel 202 queue is past a second
threshold of 7 packets then the rate at which packets are
transmitted by a corresponding bonded channel node 222
may be decreased by 5 packets/second. Similarly, if a queue
depth is below one or more thresholds, them the transmit
rate from a corresponding node may be increased gradually.

In an example, the feedback signal is transmitted by
scheduler 212 to a channel node 220 or a bonded channel
node 222 using processor 214 via switch 210. Switch 210
may receive the feedback signal via, for example, a XAUI
interface and transmit the feedback signal to processor 214
via, for example, a XAUI interface as well. Processor 214
may transmit the feedback signal to the targeted channel
node 220 or bonded channel node 222 over, for example, a
PCle interface. It is to be appreciated that the type of
interface is a design choice and may be arbitrary. In an
embodiment, the traffic manager 208 is integrated with
MAC units 206 and the feedback signal is directly trans-
mitted by scheduler 212 to a channel node 220 or a bonded
channel node 222. In an example, the feedback signal is a
packet that includes a value by which the transmission rate
is to be increased, decreased or maintained. The value is then
stored in a register corresponding to the targeted channel
node 220 or bonded channel node 222.

FIG. 7 illustrates an example flowchart 700 illustrating
steps performed by a traffic manager 208 according to an
embodiment of the invention. Flowchart 700 will be
described with continued reference to the example operating
environment depicted in FIGS. 1-4. However, the flowchart
is not limited to this embodiment. Note that some steps
shown in flowchart 700 do not necessarily have to occur in
the order shown. The steps in flow chart 700 may be
performed by, for example, traffic manager 208.

In step 702, packets are received. For example, packets
are received from classifier 210 of a MAC unit 206.

In step 704, packets are stored. For example, a packet is
stored in a flow queue 218 based on the flow that the packet
is associated with. The flow that a packet is associated with
may be indicated by classification data appended to the
packet by classifier 211.

In step 706, flows are rate shaped and packets are sched-
uled for transmission. For example, channel nodes 220 and
bonded channel nodes 222 rate shape flows from flow
queues 218. Channel nodes 220 and bonded channel nodes
222 also schedule packets for transmission from flow queues
218 to channel queues 204 or bonded channel queues 202
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based on, for example, priority levels. For example, packets
from a higher priority flows may be scheduled for transmis-
sion before packets from lower priority flows. Channel
nodes 220 and bonded channel nodes 222 also transmit
packets to channel queue 204 and bonded channel queues
202 based on guaranteed rates for a particular flow. The
scheduling algorithms used by channel nodes 220 and
bonded channel nodes 222 are programmable. Channel
nodes 220 and bonded channel nodes 222 also adjust rates
at which packets are transmitted from flow queues 218 to
channel queues 204 or bonded channel queues 202 based on
feedback signals received from scheduler 212 of MAC unit
206.

It is to be appreciated that the examples presented herein
to schedule and rate-shape DOCSIS packets are applicable
to any communication standard that perform rate shaping
and/or scheduling.

In an example embodiment, traffic manager 208 and MAC
units 206 may be combined into a single physical unit which
may be referred to as a “traffic management unit” (not
shown). In an example, the traffic management unit may
operate using a single processor that is configured to per-
form the functions of both MAC units 206 and traffic
manager 208. Alternatively, the traffic management unit may
be a single physical device that includes multiple processors
with a first processor implementing a functionality of MAC
units 206 and a second processor implementing functionality
of traffic manager 208.

Embodiments presented herein, or portions thereof, can
be implemented in hardware, firmware, software, and/or
combinations thereof. The embodiments presented herein
apply to any communication system that uses authentication
procedures for any type of service.

The representative functions described herein, for
example, by traffic manager 208, MAC units 206 and
processor 214 can be implemented in hardware, software, or
some combination thereof. For instance, the method of
flowcharts 500, 600 and 700 can be implemented using one
or more computer processors, such as processor 214 based
on instruction stored in memory 216, computer logic, appli-
cation specific circuits (ASIC), digital signal processors,
etc., or any combination thereof, as will be understood by
those skilled in the arts based on the discussion given herein.
Accordingly, any processor that performs the functions
described herein is within the scope and spirit of the embodi-
ments presented herein.

Further, the processing functions described herein could
be embodied by computer program instructions that are
executed by a computer processor, for example processor
214 based on instructions stored in memory 216, or any one
of the hardware devices described herein. The computer
program instructions cause the processor to perform the
instructions described herein. The computer program
instructions (e.g. software) can be stored in a computer
usable medium, computer program medium, or any storage
medium that can be accessed by a computer or processor.
Such media include a memory device, such as memory 216,
a RAM or ROM, or other type of computer storage medium
such as a computer disk or CD ROM, or the equivalent.
Accordingly, any computer storage medium having com-
puter program code that cause a processor to perform the
functions described herein are within the scope and spirit of
the embodiments presented herein.

CONCLUSION

While various embodiments have been described above,
it should be understood that they have been presented by
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way of example, and not limitation. It will be apparent to
persons skilled in the relevant art that various changes in
form and detail can be made therein without departing from
the spirit and scope of the embodiments presented herein.

The embodiments presented herein have been described
above with the aid of functional building blocks and method
steps illustrating the performance of specified functions and
relationships thereof. The boundaries of these functional
building blocks and method steps have been arbitrarily
defined herein for the convenience of the description. Alter-
nate boundaries can be defined so long as the specified
functions and relationships thereof are appropriately per-
formed. Any such alternate boundaries are thus within the
scope and spirit of the claimed embodiments. One skilled in
the art will recognize that these functional building blocks
can be implemented by discrete components, application
specific integrated circuits, processors executing appropriate
software and the like or any combination thereof. Thus, the
breadth and scope of the present embodiments should not be
limited by any of the above-described exemplary embodi-
ments, but should be defined only in accordance with the
following claims and their equivalents.

It is to be appreciated that the Detailed Description
section, and not the Abstract section, is intended to be used
to interpret the claims. The Abstract section may set forth
one or more but not all exemplary embodiments of the
present invention as contemplated by the inventor(s), and
thus, are not intended to limit the present invention and the
appended claims in any way.

The foregoing description of the specific embodiments
will so fully reveal the general nature of the invention that
others can, by applying knowledge within the skill of the art,
readily modify and/or adapt for various applications such
specific embodiments, without undue experimentation,
without departing from the general concept of the present
invention. Therefore, such adaptations and modifications are
intended to be within the meaning and range of equivalents
of the disclosed embodiments, based on the teaching and
guidance presented herein. It is to be understood that the
phraseology or terminology herein is for the purpose of
description and not of limitation, such that the terminology
or phraseology of the present specification is to be inter-
preted by the skilled artisan in light of the teachings and
guidance.

The breadth and scope of the present invention should not
be limited by any of the above-described exemplary embodi-
ments, but should be defined only in accordance with the
following claims and their equivalents.

What is claimed is:

1. A system for managing traffic, comprising:

a memory;

a processor coupled to the memory, the processor being
configured to, based on instructions stored in the
memory, implement:

a plurality of flow queues configured to store a first
plurality of packets and a second plurality of packets;

a channel queue configured to receive the first plurality
of packets from a first flow queue of the plurality of
flow queues at a first rate and to transmit the received
first plurality of packets over a single channel;

a bonded channel queue configured to receive the
second plurality of packets from a second flow queue
of the plurality of flow queues at a second rate and
to transmit the received second plurality of packets
over a plurality of channels that form a bonded
channel group;
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a scheduler configured to generate feedback data to
control the first rate based on a queue depth of the
channel queue and to control the second rate based
on a queue depth of the bonded channel queue; and

a classifier configured to classify a packet of the first
plurality of packets or the second plurality of packets
by appending classification data that indicates a flow
that the packet is associated with and is based on a
class of service associated with the packet, bypass
storage of a management packet in a flow queue of
the plurality of flow queues, and directly transmit the
management packet to the channel queue or the
bonded channel queue.

2. The system of claim 1, wherein the scheduler is further
configured to generate the feedback data to control the first
rate and the second rate based on a third rate at which the
received first plurality of packets and the received second
plurality of packets are transmitted downstream by the
scheduler from the channel queue and the bonded channel
queue, respectively.

3. The system of claim 1, wherein the classifier is further
configured to send the packet to the flow queue of the
plurality of flow queues to be buffered.

4. The system of claim 1, further comprising:

a channel node, coupled to the channel queue, configured

to control the first rate based on the feedback data;

a bonded channel node, coupled to the bonded channel
queue, configured to control the second rate based on
the feedback data,

wherein the scheduler is further configured to schedule a
time at which packets are transmitted downstream from
the channel queue or the bonded channel queue.

5. The system of claim 1, wherein the scheduler is further
configured to schedule the first plurality of packets for
transmission over the single channel or the second plurality
of packets for transmission over the plurality of channels.

6. The system of claim 4, wherein the plurality of flow
queues is further configured to direct the first plurality of
packets or the second plurality of packets to the channel
node or the bonded channel node, respectively, based on
whether a flow associated with the first plurality of packets
or the second plurality of packets is provisioned for trans-
mission over the single channel or over the plurality of
channels.

7. The system of claim 1, wherein the plurality of flow
queues is further configured to buffer overflow packets when
the channel queue or the bonded channel queue is full.

8. The system of claim 4, wherein the channel node and
the bonded channel node are further configured to select an
order in which the first plurality of packets and the second
plurality of packets, respectively, are to be transmitted based
on priority levels of the plurality of flow queues such that
packets from higher priority flow queues from among the
plurality of flow queues are transmitted before packets from
lower priority flow queues from among the plurality of flow
queues.

9. The system of claim 1, wherein the management packet
comprises:

a message to allocate upstream bandwidth or to indicate

transmit opportunities.

10. The system of claim 4, wherein the scheduler is
further configured to transmit the feedback data to the
channel node and the bonded channel node based on the
queue depth of the channel queue and the queue depth of the
bonded channel queue, respectively.

11. The system of claim 4, wherein the channel node and
the bonded channel node are further configured to decrease
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the first rate or the second rate, respectively, when the queue
depth of the channel queue or the queue depth of the bonded
channel queue increases above their respective thresholds.

12. The system of claim 4, wherein the channel node and
the bonded channel node are configured to increase the first
rate or the second rate, respectively, when the queue depth
of the channel queue or the queue depth of the bonded
channel queue increases above their respective thresholds.

13. The system of claim 1, wherein the classification data
further indicates an order in which a channel node or a
bonded channel node transmits the first plurality of packets
and the second plurality of packets, respectively, and

wherein the classification data is based on flows corre-

sponding to the first plurality of packets or the second
plurality of packets and to a class of service associated
with the first plurality of packets or the second plurality
of packets.

14. The system of claim 1, further comprising:

a Media Access Control (MAC) unit,

wherein the classifier is further configured to append a

timestamp to the first plurality of packets or the second

plurality of packets to indicate a time at which the first
plurality of packets or the second plurality of packets is
received by the MAC unit.

15. The system of claim 1, wherein the scheduler is
further configured to schedule a time at which the first
plurality of packets or the second plurality of packets is
transmitted based on a timestamp, a channel usage, a depth,
or an average queue latency of the channel queue or the
bonded channel queue.

16. The system of claim 1, wherein a flow is associated
with a channel node or a bonded channel node based on a
Quality of Service (QoS) parameter associated with the flow.

17. The system of claim 4, wherein the channel node and
the bonded channel node each comprises:

a register, and

wherein the feedback data comprises:

a feedback packet that is stored in the register of the
channel node or the bonded channel node to control
the first rate or the second rate.

18. The system of claim 4, wherein the channel node and
the bonded channel node each comprises:

a register configured to program the first rate or the second

rate.

19. A method to manage traffic, comprising:

storing a first plurality of packets and a second plurality

of packets in a plurality of flow queues;

receiving, at a channel queue, the first plurality of packets

from a first flow queue of the plurality of flow queues

at a first rate;

transmitting the received first plurality of packets over a

single channel;

receiving, at a bonded channel queue, the second plurality

of packets from a second flow queue of the plurality of

flow queues at a second rate;

transmitting the received second plurality of packets over

a plurality of channels that form a bonded channel

group;

generating feedback data to control the first rate based on

a queue depth of the channel queue and to control the

second rate based on a queue depth of the bonded

channel queue;

classifying a packet of the first plurality of packets or the

second plurality of packets by appending classification

data that indicates a flow that the packet is associated
with and is based on a class of service associated with
the packet;
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bypassing storage of a management packet in a flow
queue of the plurality of flow queues; and
directly transmitting the management packet to the chan-
nel queue or the bonded channel queue.
20. A system to manage traffic, comprising:
a memory; and
a processor coupled to the memory and configured to,
based on instruction stored in the memory:
store a first plurality of packets and a second plurality
of packets in a plurality of flow queues;
receive, at a channel queue, the first plurality of packets
from a first flow queue of the plurality of flow queues
at a first rate;
transmit the received first plurality of packets over a
single channel;
receive, at a bonded channel queue, the second plurality
of packets from a second flow queue of the plurality
of flow queues at a second rate;
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transmit the received second plurality of packets over a
plurality of channels that form a bonded channel
group;

generate feedback data to control the first rate based on
a queue depth of the channel queue and to control the
second rate based on a queue depth of the bonded
channel queue;

classify a packet of the first plurality of packets or the
second plurality of packets by appending classifica-
tion data that indicates a flow that the packet is
associated with and is based on a class of service
associated with the packet;

bypass storage of a management packet in a flow queue
of the plurality of flow queues; and

directly transmit the management packet to the channel
queue or the bonded channel queue.
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